The assumption that climate mitigation can only be afforded at a particular level of income is implicit in global climate negotiations. This suggests that middle-income countries may reach a tipping point in their development process where low-carbon investment becomes more viable. In order to avoid dangerous levels of climate change, this tipping point needs to be brought forward in time: upper-middle-income countries are already responsible for 37.8% of global CO 2 emissions. We explore the scope for large-scale investment in climate mitigation in Johor Bahru, a fast-growing industrial city in Malaysia. We find that the city could reduce per capita emissions by 10.0% by 2025, relative to 2014 levels, through cost-effective investments. If the returns could be recovered and reinvested in low-carbon measures, Johor Bahru could reduce per capita emissions by 35.2% by 2025, relative to 2014 levels. This result suggests that the tipping point may be a function of political will and institutional capacity as well as income. This has substantial implications for global climate policy discussions, particularly the opportunities and responsibilities of middle-income countries. If comparable savings can be delivered across cities in middle-income countries, this would equate to a reduction in global emissions of 6.3% with the exploitation of cost-effective options and 11.3% with the exploitation of cost-neutral options. Investing in economically attractive low-carbon measures could also provide cities in middle-income countries with an opportunity to build the political momentum and institutional capacities necessary for deeper decarbonization.
RESEARCH ARTICLE
Exploring the economic case for early investment in climate change mitigation in middle-income countries: a case study of Johor Bahru, Malaysia The assumption that there are trade-offs between economic development and climate change mitigation is implicit in international climate change negotiations. Greenhouse gas emission reductions are perceived to be costly, so the allocation of future emissions and responsibility for emission reductions are fiercely disputed (Beltran, den Elzen, Hof, van Vuuren, & van Vliet, 2011; Lipford & Yandle, 2010) . Consequently, only countries with a high-income per capita are expected to reduce their emissions, while developing countries with a low average income per capita are expected to prioritize human development over environmental action. This is explicit in the Kyoto Protocol in the form of legally binding emission reduction obligations for developed countries and the promise of financial resources to meet additional costs incurred for developing countries (UNFCCC, 1992) .
The idea that investment in climate change mitigation can only be afforded at a particular level of income implies that middle-income countries may reach a tipping point in their development process where such investment becomes more viable. In order to avoid exceeding a global temperature rise of more than 2°C, it is important that this tipping point is (a) better understood and (b) brought forward in time. Upper-middle-income countries such as Brazil, China, Malaysia, Mexico and Turkey are already responsible for 37.8% of global CO 2 emissions (World Bank, 2014a) , and emerging economies will be responsible for more than 90% of the projected growth in energy demand over the next two decades (IEA, 2013) . With this anticipated expansion of energy use and without a transition to low-carbon energy sources, the world is on a trajectory consistent with an average temperature increase of 3.6°C by 2100 (IEA, 2013) . Although they currently have no binding targets under the Kyoto Protocol, middle-income countries must therefore identify and transition to lower carbon development paths to avoid dangerous levels of climate change.
Decision-makers can avoid perceived trade-offs with human development goals if climate policies do not incur economic costs -and can actively support the realization of development goals if climate policies generate economic benefits. We therefore need to identify low-carbon options that are at least cost-neutral and at best cost-effective. Exploitation of these options would allow developing countries to reduce carbon emissions at a lower level and at an earlier stage of development than we have historically observed for developed countries, as represented in Figure 1 .
Tunnelling through the carbon Kuznets curve
The theory that pollution reduction can only be afforded at higher levels of income has been represented by the environmental Kuznets curve (EKC). The EKC was first proposed by Grossman and Krueger (1991) and was then popularized in the World Development Report (Shafik & Bandyopadhyay, 1992; World Bank, 1992) . The EKC proposes an inverted U-shaped relationship between environmental degradation and income per capita. In other words, the early stages of economic growth entail increasing pollution and declining environmental quality until, at some level of income per capita, the trend reverses and economic growth leads to improving environmental quality. These environmental improvements are not inevitable. Shafik and Bandyopadhyay (1992) highlight that environmental gains require costly policies and investments that are typically only undertaken where there are generalized local costs and substantial private or social benefits.
The EKC hypothesis is unlikely to apply to greenhouse gas emissions in light of their long-term effects, minimal immediate impact on quality of life and relatively high abatement cost (Arrow et al., 1995; Dinda, 2004) . Smith and Ezzati (2005) particularly questioned the implication that 'countries could grow their way out of environmental problems ' (p. 324) . The empirical evidence to date is not compelling: efficiency improvements or decarbonization of energy rarely outstrip increasing energy use and economic activity (e.g. Azomahou, Laisney, & Nguyen Van, 2006; Lamb et al., 2014; Mundaca, Markandya, & Nørgaard, 2013a) , while others find the distinct inverse U-shaped curve only in the presence of specific climate policies or energy scenarios (e.g. Liddle & Messinis, 2014; López-Menéndez, Pérez, & Moreno, 2014) . These results are supported by broader work on the EKC which has found that decoupling of economic growth and pollutants depends on effective environmental regulation, technological diffusion and avenues for public participation in policy-making, which may or may not correlate with higher incomes (Carson, 2010; Gani, 2012; Steer, 2013) .
While the empirical evidence for an EKC may be lacking, the theory of an inverted U-shaped carbon Kuznets curve (CKC) has relevance with respect to the concept of a tipping point. Previous theoretical work has proposed that newly industrialized countries can avoid peak emissions by 'tunnelling through' the EKC (Munasinghe, 1999) through establishing environmental regulation at an earlier stage of development and leapfrogging to cleaner technologies. To date, there is little evidence either of the economic potential to 'green' economic growth or of decoupling between GDP and carbon-intensive energy use (Scrieciu, Rezai, & Mechler, 2013) . We aim to respond to this gap in the literature by establishing whether a city in an upper-middle-income country can achieve a tipping point in its carbon emissions -effectively tunnel through the CKC -at no net cost.
This research seeks to test the assumption that reducing greenhouse gases entails economic costs that can only be afforded with further development and increased income. Evidence of a strong economic case for low-carbon measures would suggest that there are not always tradeoffs between development and mitigation. This may help to foster a new discourse focusing on the economic benefits of climate action, which will hopefully help mobilize decision-makers in emerging economies to make the policies and investments necessary to reduce carbon emissions.
Achieving low-carbon urban development
Cities are currently responsible for 67-76% of energy use and 71-76% of energy-related CO 2 emissions (IPCC, 2014) . Their share of global energy demand and carbon emissions is likely to increase due to, among other factors, rapid urbanization in developing countries: cities Figure 1 . A comparison of the high-carbon development path historically pursued by developed countries and the low-carbon development path that emerging economies need to pursue in order to mitigate climate change.
in the developing world are projected to increase by 2.7 billion people by 2050 (IPCC, 2014; UNDESA, 2013; WHO, 2014) . While cities' share of global emissions is high and rising fast, their socio-economic dynamism and concentration of infrastructure also mean that cities are uniquely positioned to tackle climate change.
Municipal authorities can reduce the carbon intensity of cities through land-use regulation, the issue of planning permits and enforcement of energy regulation, which in turn will influence urban spatial structure, transportation systems and energy technologies (Phdungsilp, 2009; Zusman, Srinivasa, & Dhakal, 2012) . This is particularly true in fast-growing emerging economies such as Malaysia, where massive investment is necessary to redress historical infrastructure deficits and address rapid population and economic growth. While established cities in the developed world are struggling to break out of highcarbon economic models, developing world cities like Johor Bahru can avoid 'lock-in' by integrating climate considerations at an early stage of urban development. Their institutional capacities and responsibilities mean that cities have the ability to act on climate change; their relatively large and fast-growing carbon footprints mean that their actions have significant potential to reduce emissions.
This paper evaluates the existence and extent of the economic case for low-carbon investment in the city of Johor Bahru, Malaysia, to determine whether the city could reduce emissions per capita without affecting growth of GDP per capita -in other words, whether Johor Bahru could tunnel through the CKC in a cost-effective or cost-neutral way. Malaysia is pursuing an exceptionally carbon-intensive development path, with most of its projected growth in population, economic activity and greenhouse gas emissions projected to come from second-tier cities such as Johor Bahru. Evidence of an economic case for climate action should prompt decisionmakers at local and national levels to re-evaluate the relationship between economic growth and climate change mitigation, thereby -hopefully -helping to build the political will for climate action at an earlier stage of development.
The remainder of this paper is structured as follows. Section 2 presents the case study and the methods employed for data collection and analysis. Section 3 provides the empirical results. Section 4 discusses the implications for climate change negotiations and offers some policy recommendations to help realize these opportunities. The conclusions are presented in Section 5. This work builds on the Low Carbon Society Blueprint for Iskandar Malaysia 2025 (Ho et al., 2013 ; UTM, IRDA, Kyoto University, Okayama University, & National Institute for Environmental Studies, 2013) and the Climate Smart Cities programme (Gouldson, Colenbrander, Sudmant, & Papargyropoulou, 2014) .
Methods
This paper explores the scope for large-scale investment in climate mitigation at the city scale, using the case study of Johor Bahru, Malaysia. It presents a bottom-up assessment of the investment needs, returns and carbon savings of a wide range of low-carbon measures. The impacts of these measures are compared against 'business as usual' modes of development for the city's energy use, energy bills and carbon emissions in the next 10 years. The findings are drawn together to determine the economic case for lowcarbon investment in the city, and the impact on emissions on a per capita and city-scale basis.
The quantitative research presented here focuses on the direct economic costs and benefits of different low-carbon measures in a city, and does not formally consider the social and environmental impacts of each option. This is not meant to downplay the importance of assessing the social case for low-carbon investment. However, the aim here is to test whether carbon emissions can be reduced in a cost-effective or cost-neutral way in order to test the assumption that climate policies entail economic costs.
Case study: Johor Bahru, Malaysia
Energy consumption per capita is relatively high in Malaysia at 2.63 toe per capita, compared to other upper-middleincome countries such as Brazil at 1.37, Turkey at 1.54 or China at 1.7 (World Bank, 2014b). High energy consumption combined with relatively carbon-intensive energy means that Malaysian emissions per capita are 64% higher than the world average (UNDESA, 2014). Nonetheless, per capita energy consumption in Malaysia is only 61% of the average for Organisation for Economic Cooperation and Development (OECD) countries (World Bank, 2014b) , and Malaysians produce only 76% of the OECD's average per capita emissions (UNDESA, 2014). There is therefore significant potential for the country to transition to a lower carbon development path than OECD nations.
In a Malaysian context, meaningful emission reductions will depend on action in urban areas. 73% (21.1 million) of the 29.2 million people of Malaysia live in cities (World Bank, 2014c) and over 90% of national economic activity is conducted in cities (Muller, 2013) . Energy consumption and greenhouse gas emissions are therefore likely to be concentrated in cities for the foreseeable future. Although Kuala Lumpur dominates the Malaysian economic landscape -Klang Valley is home to 7.2 million people and produces 38% of national GDP (SPAD, 2013) -48% of the Malaysian population live in second-tier cities, which generate 52% of national GDP. These cities therefore have a critical role to play if the country is to avoid locking into a high-carbon development path.
This study focuses on the city of Johor Bahru as an example of fast-growing, medium-sized Malaysian city. It was chosen as a case study in response to interest in the proposed method and outputs from the Iskandar Regional Development Authority, the government body responsible for development planning and policies in the special economic corridor, Iskandar Malaysia. Johor Bahru is located at the southern tip of Peninsular Malaysia on the Straits of Singapore and has an accordingly hot, humid climate with a mean daily maximum temperature between 30°C and 33°C all year round and an average of 116 rainy days per year (WMO, 2014) . Johor Bahru is the third largest city in Malaysia and serves as an important industrial, logistics and commercial centre. The major industries in the city are plastics manufacturing, electrical and electronic equipment, petrochemical refining and food processing. The main services are wholesale and retail trade, tourism and hospitality, professional and business, transport, medical, educational and financial services (IRDA, 2007) . The population in the three key administrative areas ( If Johor Bahru achieves its target annual growth rate of 7-8% (IRDA, 2013), more than half of the urban economy that will exist in 2025 has not been built yet. While imposing substantial challenges, the scale of planned infrastructure investment offers an opportunity to shift the city on to a lower carbon development path -if the various levels of government are willing to make the necessary climate policies and investments.
Baseline analysis
We developed city-scale emission inventories for Johor Bahru for the years 2000-2013 using the methodology outlined in the Greenhouse Gas Protocol for Communities (GPC) v0.9 (C40 Cities Climate Leadership Group and ICLEI Local Governments for Sustainability, 2012). The study therefore considers Scope 1 and 2 emissions, although industrial process emissions had to be excluded because data were not available. (2014), and data on the fuel efficiency of vehicles from Chen et al. (2003) , Silitonga, Atabani, and Mahlia (2012) and Mahlia, Tohno, and Tezuka (2012) . The ratio of petrol to diesel cars was assumed to be 3:1. Calculations of waste generation and emissions from the waste collection fleet were based on data from the Integrated Solid Waste Management Blueprint for Iskandar Malaysia (AECOM, 2009) and WRAP (2010) . Waste composition, average waste collection rates and recycling rates were based on data provided by the Department of Solid Waste Management (2014).
In order to calculate energy expenditure, nominal energy prices for 2000-2012 were obtained from the Energy Commission (2006) (2007) (2008) (2009) (2010) (2011) and Ministry of Energy, Green Technology and Water (KeTTHA, 2012). All energy prices were based on those paid by the consumer, and consequently, excluded the additional costs incurred by the government in the form of subsidies. Nominal prices were converted into real prices at 2013 levels using the Consumer Price Index from Malaysian Department of Statistics (2014) . An exchange rate of RM1.0 = USD 0.302576 was used, as the average midpoint of bid and ask prices for 2013 (OANDA, 2014) .
'Business as usual' baselines for each sector, and for the city as a whole, were developed for the period between 2015 and 2025. Levels and composition of energy use in the commercial, domestic, industrial, transport and waste sectors were forecast to 2025 based on a continuation of historical trends between 2000 and 2014. This method captures business as usual trends in, for example, population growth, economic growth, improvements in energy efficiency and changing consumer behaviour. Projections assume that business as usual trends can continue to 2025 and therefore do not account for, for example, the likely impacts of increasing congestion on growing vehicle ownership.
Trends in greenhouse gas emissions and energy expenditure between 2015 and 2025 are calculated based on the projected changes in the levels and composition of energy use. A 3% annual increase in real energy prices is assumed between 2014 and 2025, which is conservative compared with historical increases between 2000 and 2013. Projected changes in the carbon intensity of electricity are based on planned investments in new generation capacity for the Peninsular Malaysia grid (Energy Commission, 2006 , 2007 . The resulting baselines predict energy consumption, energy bills and carbon footprints through to 2025 under business as usual conditions.
All future activities are compared against these baselines. In practice, Johor Bahru might not be able to sustain its current development trajectory due to, for example, congestion in the transport system. However, the purpose of these baselines is to provide business as usual scenarios against which to measure the potential impacts of the low-carbon measures.
Identification and assessment of measures
Long lists of the energy efficiency, renewable energy and low-carbon measures that could potentially be deployed in each sector of the city are revised through stakeholder consultations to add locally specific measures and remove options that are not applicable in the Malaysian context. The resulting short list is not necessarily exhaustivesome measures may have been overlooked, while others may not have been included in the analysis due to the absence of data on their performance. Given the focus of the study on economic valuation of low-carbon measures, this analysis does not consider the impact of significant changes in land-use planning or the spatial distribution of activities within the city. Such modifications to urban form and function are outside the scope of this study.
Again drawing on extensive literature reviews and stakeholder consultations, the performance of each measure on the shortlist is assessed. This involved a cost-benefit analysis of each measure based on the direct, private economic costs and returns from deploying that measure. The costs incorporated the capital, running and maintenance costs of each measure, focusing on the marginal or extra costs of adopting a more energy-efficient or lower carbon alternative. The benefits incorporated the economic savings from reduced energy expenditure over the lifetime of the measure, taking into account installation and performance gaps. The data sources and assumptions are detailed in Appendix A.
As each measure could be in place for many years, the models incorporate the changing carbon intensities of energy use, an average annual rise of 3% in real prices (including energy prices) and a standard real discount or interest rate of 5%. For reference, the Central Bank of Malaysia's interest rate was 3.25% as of July 2014 (BNM, 2014).
Assessment of the scope for deployment
The potential scope for deploying each of the measures in Johor Bahru in the period to 2025 is calculated at a subsector level, taking into account, for example, the scope for change in households with different levels of income.
Realistic rates of deployment are developed based on readily achievable levels of uptake. These assessments take into account the lifespans and replacement rates of existing measures that could be replaced with more energy-efficient or lower carbon alternatives, and also rates of change and growth in the relevant sectors of the city. These are subject to participatory review in the stakeholder workshops to ensure that they are as realistic as possible. The rate of deployment for each measure is detailed in Appendix A and the experts participating in the workshops are detailed in Appendix B.
Aggregation of findings
The results from the assessment of the performance of each measure, and the scope for deploying each measure, are aggregated to determine the potential impact across the different sectors and for the whole city. This underpins calculations of overall investment needs and paybacks, as well as impacts on energy supply and demand in the different sectors in the city. The results are then divided by projected population numbers to determine per capita emissions under the different investment scenarios.
Many low-carbon measures interact with each other, so their performance depends on whether/to what extent another option is also adopted (Bajželj, Allwood, & Cullen, 2013) . For example, the carbon savings from adopting green building standards depend on whether there are also energy efficiency standards for air conditioners. For the purposes of Table 2 , the impact of each measure is calculated if it were adopted independently with business as usual conditions in energy supply. When determining the potential savings across the sector or city, the effect of each measure on the potential energy savings of other measures is included to develop realistic assessment of their combined impacts.
In many cases, a single measure has been considered under varying policy conditions: for example, solar photovoltaic (PV) panels with and without feed-in tariffs or waste infrastructure with high and low gate fees. When compiling the sector and city-wide summaries, the cost-effective options that require the least enabling policies have been included unless these policies are already established at scale. Therefore, the total investment needs, energy savings and payback periods reflect those of solar PV panels without feed-in tariffs and waste infrastructure with low gate fees.
Results

Business as usual trends in urban development
With the continuation of business as usual trends, total energy consumption, energy expenditure and greenhouse gas emissions in Johor Bahru will increase significantly over the next decade. Total energy consumption is forecast to rise by 79.4% from 59.9 TWh in 2014 to a forecast level of 107.4 TWh in 2025. When combined with increasing real energy prices, this leads total expenditure on energy to increase by 139.9% from MYR 13.5 billion (USD 4.10 billion) in 2014 to a forecast level of MYR 32.5 billion (USD 9.83 billion) in 2025 (Figure 2 ). There is some decoupling of economic output and carbon emissions because of energy efficiency improvements in the wider economy. However, economic and population growth outpace these efficiency gains so that carbon emissions attributed to the city are forecast to rise by 83.8% from 21.0 MtCO 2 -e in 2014 to a forecast level of 38.6 MtCO 2 -e in 2025. The breakdown of emissions according to sector is shown in Figure 3. 
The economic case for low-carbon urban development
The city of Johor Bahru could reduce its carbon emissions by 24.2% by 2025, relative to business as usual levels, through cost-effective investments, that is, investments that would more than pay for themselves on commercial terms over their lifetime. This would require an investment of MYR 3.33 billion (USD 1.01 billion), generating annual savings of MYR 2.56 billion (USD 0.77 billion) and paying back the investment in 1.3 years.
If the returns of these investments could be recovered and reinvested in low-carbon measures, Johor Bahru could reduce emissions attributed to the city by 45.4% in 2025. This would equate to an absolute emission reduction of 0.8% relative to 2014 levels. Implementing these costneutral measures would require an investment of MYR 18.49 billion (USD 5.59 billion), generating annual cost savings of MYR 2.74 billion (USD 0.83 billion) and paying back the investment in 6.8 years.
The impact of these investments on carbon emissions at the city scale between 2014 and 2025 is shown in Figure 4 . The low-carbon measures would continue to generate annual savings throughout their lifetime.
On an individual basis, the deployment of the costeffective low-carbon options would reduce per capita emissions by 10.0% in real terms, from 11.7tCO2-e per capita in 2014 to 10.5tCO2-e per capita in 2025. The deployment of the cost-neutral options would reduce emissions per capita by a further 25.2% in real terms, to 7.8tCO2-e per capita in 2025. The carbon savings per capita are proportionately larger than the carbon savings at the city scale because of rapid population growth in Johor Bahru.
The impact of cost-effective and cost-neutral lowcarbon investments on per capita emissions in Johor Bahru is shown in Figure 5 . This figure shows that it is theoretically possible to bring the tipping point forward and start the transition to a lower carbon development path at no net cost for a city in an upper-middle-income country.
While the potential carbon savings are substantial on an individual and city scale, it is important to emphasize that these gains will be temporary without follow-up action. Without further investments to decarbonize energy supply and improve energy efficiency, Johor Bahru risks returning to its current high-carbon development path. This would produce the N-shaped relationship between income and emissions per capita observed by de Bruyn, van den Bergh, and Opschoor (1998), Moomaw and Unrush (1997) and Zanin and Marra (2012) . In this case, the city would reach 2025 business as usual emissions in 2030 with exploitation of all cost-effective low-carbon investments and in 2035 with all cost-neutral options. The exploitation of cost-effective and cost-neutral measures therefore buys time to develop political momentum, clean technologies and institutional capacities for climate action. However, they would not allow the city to fully transition on to a lower carbon development path.
The cost-effective low-carbon options
The most significant opportunities to reduce carbon emissions in a cost-effective way in Johor Bahru are in industry and transport (Table 1) . These sectors are the largest contributors to climate change in the city, emitting 44.1% and 31.6% of the city's greenhouse gases respectively. Fuel switching proves to be an important low-carbon option in both sectors, with significant scope to switch from diesel to natural gas in industry and to increase the share of biofuels in transport. However, while the emission reduction potential in the transport sector is dominated by a single measure (hybrid private cars), the carbon savings in the industry sector would be generated from a wide array of energy efficiency measures, particularly in the rubber and petrochemical industries.
Green building standards in the commercial sector proved to be the most cost-effective low-carbon measure available to the city: this option had to be excluded from Figure 6 because the high savings per unit of emissions distorted the y-axis. However, energy-efficient air conditioners prove to be the most carbon-effective option, followed by various lighting efficiency measures. Energy-efficient air conditioners and green building standards in the domestic sector offered significant carbon savings, as did raising thermostat temperatures and deployment of solar PV panels.
The waste sector yields disproportionately large potential for emission reductions relative to its contribution to the city's emissions (4.5%). This is because energy-from-waste (combined heat and power) and landfill gas utilization options not only reduce methane emissions from landfill but also generate electricity that could displace coal as a source of energy.
The most cost-and carbon-effective measures are identified in Table 2 . In this table, cost-effective measures have a negative value: these options save money for every unit of carbon emissions they avoid. Cost-neutral measures have a positive economic value because these options incur a cost to avoid carbon emissions. Those measures with positive economic savings in this table could be paid for through reinvesting the returns from the cost-effective measures. The impact of interactions between these measures has been accounted for in the aggregated investment needs and carbon savings at the sector and city scale.
Discussion
Decoupling economic activity and carbon emissions in Johor Bahru
Economic growth is outstripping increases in emissions, so the carbon intensity of economic activity in Johor Bahru is projected to fall by 34.1% over the next decade. Relative Bank, 2014d) . Johor Bahru is therefore on a highcarbon development path. Reaching the tipping point in absolute carbon emissions will require absolute rather than relative decoupling. There is substantial potential to curb growth in emissions per capita through exploitation of economically attractive options. If the city were to invest the equivalent of 0.4% of GDP in cost-effective low-carbon measures annually for 10 years, it would yield reductions in the city's energy bill equal to 1.0% of GDP per year. These measures would reduce emissions at the city scale by 24.2% relative to business as usual trends. This would not halt the growth in emissions at the city scale: emissions still increase by 37.7% relative to 2014 levels in 2025 (Figure 2 ) because carbon savings are outstripped by rapid population growth. On a per capita basis, however, these investments would reduce emissions by 10.0%. This suggests that absolute decoupling of economic activity and carbon emissions is possible in a cost-effective way in a city in an upper-middle-income country. If the returns from the cost-effective measures could be recovered without substantial transaction costs and reinvested in low-carbon measures, there is scope to reduce emissions even further. In this cost-neutral scenario, Johor Bahru could reduce its emissions to 45.4% relative to business as usual levels in 2025. This is equivalent to a reduction of 0.8% in real terms relative to 2014 levels. In other words, the city as a whole can achieve real emission reductions and decouple economic development from carbon emissions at no net cost (Figure 4) . These results are even more compelling at an individual scale. With exploitation of all of the cost-effective and cost-neutral carbon saving potential in Johor Bahru, emissions per capita could be reduced by 35.2% relative to 2014 levels. To put this in context, the Malaysian government has voluntarily committed to reducing the emission intensity of GDP by up to 40% based on 2005 levels by 2020 (Ministry of Natural Resources and Environment, 2010). By comparison, our results indicate that -at least within the city of Johor Bahru -the Malaysian government could reduce emissions per capita below 2005 levels by 2025 in absolute terms ( Figure 5 ).
This finding highlights an important opportunity to mitigate climate change without incurring costs to economic development. Currently, 1.5 billion people live in cities in upper-middle-income countries, and emissions per capita are increasing by 3.5% per year (World Bank, 2014a) . If this trend continues, CO 2 emissions from upper-middle-income countries will increase by 46.0% by 2025. However, if the results of this research hold broadly true, there is scope to reduce emissions from these cities by 24.2% in a cost-effective way and by 45.4% in a cost-neutral way relative to business as usual levels. These savings equate to a reduction respectively equivalent to 6.3% and 11.3% of global carbon emissions in 2013. Considering that future growth in energy use and emissions is likely to be concentrated in urban areas of emerging economies, this finding has huge implications for our collective capacity to avoid dangerous climate change.
The implications for shifting the tipping point
The assumption that climate change mitigation can only be afforded at a certain level of income is often evident in international climate policy (e.g. the Kyoto Protocol) and theory (e.g. the hypothesized CKC). It suggests that, under business as usual conditions, middle-income countries will reach a tipping point when low-carbon investment becomes affordable. In practice, of course, many high-income countries have not yet reached a tipping point, so we continue to see a linear relationship between economic growth and carbon emissions at high levels of income, rather than the inverted U-shape of the CKC (Azomahou et al., 2006) .
Our findings refute the assumption that this tipping point requires middle-income countries to reach developed country levels of income before they invest in low-carbon development by challenging the premise that emission reductions are costly. This paper identifies a wide range of opportunities that are cost-effective in their own right in an upper-middle-income country. Assuming that these can be deployed in a socially and environmentally responsible way, public authorities could reasonably be expected to invest in these measures purely on economic grounds and this would coincidentally deliver real reductions in per capita emissions. If the returns from these investments can be captured and reinvested in additional low-carbon measures, more substantial emission reductions can be realized at no net cost to the city. The example of Johor Bahru suggests that there can be a compelling economic case for shifting the tipping point to an earlier stage of development. If these savings were sustained, the city would reach 'peak emissions' at a significantly lower level than in a business as usual scenario. It is important to highlight that these carbon savings do not result from reducing territorial emissions by, for example, exporting pollution-intensive industries, which Cole and Neumayer (2005) predicted and Knight and Schor (2014) demonstrated to be the major driver of decoupling in high-income countries. Rather, these are potentially real savings in consumption-based emissions achieved by reducing the carbon intensity of energy use and through energy efficiency improvements. These findings demonstrate that climate policies and investments to reduce emissions can actually be economically attractive, including in the developing world.
These results imply that the tipping point is not a function of income, but of political will and institutional capacity. It can be brought forward in time at no net cost if decision-makers are willing and able to make the necessary low-carbon policies and investments. This is an important extension of existing literature, which shows that it is possible to 'tunnel through' the CKC (e.g. see Aubourg, Good, & Krutilla, 2008; Lipford & Yandle, 2010 ), but does not provide an economic case for such ambitious climate action.
Policy recommendations
The suggestion that the tipping point is policy dependent and can be cost-neutral should change the nature of global climate policy discussions. The existence of a compelling economic case for low-carbon investments may create the political space for decision-makers to pursue emission reductions at an earlier stage of development than has historically been observed (Gupta, 2012) . In other words, demonstrating that the local benefits of action can outweigh the local costs may help to build political will for climate action, which in turn will shift developing countries on to lower carbon development paths. We must therefore consider the ways that, and extent to which, different levels of government can exploit and build upon these opportunities.
It is important to emphasize two points here. First, many of the measures considered here have potentially significant co-costs and benefits, and important distributional consequences and environmental impacts. The direct economic case for different low-carbon options should be only one factor in decision-making: the presence of a wider social case for a low-carbon transition is equally important. For example, an expansion of public transport may improve mobility for the poor while tax incentives for hybrid cars may be largely captured by the relatively wealthy. These impacts should be considered when preparing climate and energy policies.
Second, the approach used here may not fully capture some of the market imperfections associated with the implementation of low-carbon measures, such as transaction costs, agency issues or financing hurdles (Kesicki & Ekins, 2012) . The nature and value of transaction costs is typically specific to different low-carbon measures (Mundaca, Mansoz, Neij, & Timilsina, 2013b) . For example, the introduction of green building standards in Malaysia faces the challenge of split incentives, whereby property developers incur the additional costs while the owner or tenant captures the benefits. Similarly, the replacement of compact fluorescent (CFL) lights with lightemitting diode (LED) bulbs in commercial and public buildings will require much more upfront capital, even if the investment pays for itself within a few years. While evidence from the USA and Europe suggests that ex post transaction costs from climate policy instruments are relatively minor (Joas & Flachsland, 2014) , these considerations mean that governments have a role to play in mobilizing private investment. Public policies and resources can be employed to increase returns, reduce costs, de-risk investments and close knowledge or capacity gaps to encourage widespread uptake of low-carbon options (Buchner et al., 2013) . There is therefore a need for more research on climate policy design and project implementation in a Malaysian context. National governments can reduce the payback periods of low-carbon options by, for example, reducing fossil fuel subsidies or offering feed-in tariffs for renewable energy generation. They can also de-risk low-carbon investments by, for example, setting long-term renewable energy quotas or permitting tax-increment financing for energy efficiency retrofits. National governments also have the capacity to induce private investment through regulation: the adoption of green building standards and more stringent vehicle emission standards are promising examples in a Malaysian context. These policy tools are not always available to local governments, which have limited resources and powers. However, municipal authorities have considerable capacity to promote more efficient forms of urban development by increasing the stringency of planning and approval processes, enforcing energy regulation and establishing public-private partnerships for large infrastructure projects in the transport and waste sectors. Municipal authorities can also promote energy efficiency by establishing green public procurement policies or by acting as the anchor client for building retrofit programmes. There is evidence that this project-based approach may entail fewer transaction costs and yield more significant co-benefits than, say, national emission trading schemes in the context of non-Annex I countries (Knopf et al., 2010; Spaargaren & Mol, 2013) . The presence of a strong economic case for low-carbon investment provides a compelling incentive to make the necessary regulations and investments at both a national and sub-national level, and it is to be hoped that these will in turn help cities to achieve real emission reductions.
The international community also has a role to play in increasing the returns, reducing the risks or costs and providing a body of evidence that low-carbon options can be economically and socially attractive. There is therefore an urgent need for knowledge transfer to developing countries so that they can exploit more carbon-efficient technologies and establish greener policy frameworks, where these can be deployed at no net cost. Multilateral institutions and development agencies should prioritize the development of locally specific, bottom-up evidence on the economics of different low-carbon options. This will allow local and national policy-makers to identify cost-effective lowcarbon opportunities. Thereafter, strong domestic environmental and energy governance is the key to shifting the tipping point and transitioning to a lower carbon development path.
Where there is less political will or institutional capacities are less developed, policy-makers can cherrypick low-carbon options that are both economically attractive and institutionally straightforward -for example, energy-from-waste infrastructure, hybrid private cars, green building standards for the commercial sector and minimum performance standards for air conditioners -as a means to build local capacity and demonstrate economic or technical feasibility. This can provide a platform for the more ambitious and politically complex initiatives, such as transit-oriented urban planning, large-scale deployment of decentralized renewable energy technologies or reductions in energy subsidies.
Conclusions
Although they are responsible for 37.8% of global CO 2 emissions, upper-middle-income countries currently have no binding emission reductions under international law. This is because of a widely held perception that investment in climate change mitigation can only be afforded when a country reaches a particular level of income. This research suggests that cities in upper-middle-income countries can achieve real emission reductions without hindering economic development; indeed, it outlines a substantial package of low-carbon options that are attractive solely on economic terms that would deliver real emission reductions for the city of Johor Bahru.
This result has important implications for climate policy and practice. First, these findings demonstrate that there are significant carbon savings available from economically attractive low-carbon options. It is reasonable to expect upper-middle-income countries to commit to real emission reductions (rather than emission intensity reductions) that can be achieved in a cost-effective or cost-neutral way.
Second, this work highlights that substantial private investment in low-carbon options can be mobilized with enabling policy frameworks. The presence of a compelling economic case for climate action will hopefully help to inspire the necessary political leadership at earlier stages of development.
Third, it is important to emphasize that ongoing lowcarbon investments will be required to maintain the lower carbon intensity of economic growth. These may not always be cost-effective or cost-neutral. Empirical research indicates that countries may achieve some emission reductions which are subsequently lost by a return to carbon-intensive economic growth -resulting in the Nshaped CKC (de Bruyn et al., 1998; Moomaw & Unrush, 1997; Zanin & Marra, 2012) . With careful design and delivery, exploitation of cost-effective low-carbon options can increase public acceptance of climate action, support social and economic development and build institutional capacities for implementing and financing climate mitigation. The economic case for low-carbon investment therefore provides a means to build political momentum for deeper structural changes that may or may not be economically attractive, but are necessary to achieve the levels of decarbonization necessary to avoid dangerous climate change.
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